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REMARK'S 

Entry of this amendment is respectfully requested. 

This amendment is submitted to correct a transanal error, as the term "actor" should be 
"actuator". The changes to the deification made by the amendment of January 27, 2004 are 
included, but not shown as underlined or strikeout as they are already entered. 

Claims 4 was also amended to replace "1 wherein" with "wherein", as this was intended 
in the prior amendment. 

No new matter has been entered by this amendment or in the substitute specification. 

The Commissioner is hereby authorized to charge any deficiency in the fees filed, 
asserted to be filed or which should have been filed herewith (or with any paper hereafter filed in 
this application by this firm) to our Deposit Account No. 50-0624, under Order No. NY-DNAG- 
256-US. A duplicate copy of this paper is enclosed. 

Respectfully submitted 



FULBRIGHT & JAWORSKI L.L.P. 




ILJ 



i R. Crawford 
leg. No. 39,155 

666 Fifth Avenue 

New York, New York 10103 

(212)318-3148 

Enclosures: 

Susbstitute specification 
Marked-up substitute specification 
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INSULATION FOR HEZOCERAMC MULTILAYER ACTORS 
FIELD OFTTIF TWVENTIOiV 

W ^mvena onre Ia KS «„a m e*„d forft e mm ^ tureofpiezoslreWcmultil 

by this method. 

BACKGROUND AND SUMMARY OF THE INVENTION 

[002] Piezocenunic multilayer^ctuatpr **** (see Fig. 1) in the state of the art consist of 
stacked thin layers of piezoelectrically active material 2, e.g., lead donate titanate (PZT) with 
conductive internal electrodes 7 arranged between them, which run alternately to the surface of 
| theactuatojiaetof. External electrodes3 and 4 connect these internal electrodes together. The 
internal electrodes are thereby connected electrically parallel and in a combination of two sets 
| constituting the two terminal poles of the actuator.^. If ^ electrical voltage is applied to the 
terminal poles it is transferred parallel to all of the internal electrodes and cause an electrical 
field in all layers of the active material which is thereby deformed mechanically. The sum of all 
| these mechanical deformations is available at the end surfaces of the actuator* ** as useful 
expansion 6 and/or force. 

[003] Piezoceramic multilayer acjuators.aetm are, in the state of the art, made in the form of 
monoliths, that is, the active material in the form of so-called green films are provided by screen 
printing methods with internal electrodes prior to sintering, pressed into actuator a*e* stacks, 
pyrolyzed and then sintered, resulting in the monolithic actuator aetee. 

[004] A metal ground coating 3 is applied to th e actuator stack 1 in the area of the 
brought-out internal electrodes 7, e.g., by screen printing with metal paste. This metal ground 
coating is strengthened by applying a metal materia! 4, e.g, by soldering on an embossed plate or 
a wrre mesh. The electrical connecting wire 5 is soldered onto this strengthened coating. 

[005] The structure and the manufacture of such actuate** and external electrodes is 
thoroughly described, e. g ., in DE 33 30 538 Al, DE 40 36 287 C2, US 5 231 885 US 4 845 399 
US 5 406 164 and JP 07-226541 A. 



2S61G805U 

PAGE 16V21 * RCVD AT 1/23/2006 2:29:07 PM [Eastern Standard Time] * SVR:USPTO-Q=XRF-6/37 * DNIS:2738300 * CSID:212 318 MOO * DURATION £mm-ss):05-52 



01/23/2008 14:29 212-318-3400 



FULBRIGHT JAWQRSKI 



PAGE 17/21 



[006 It. spacing bctwe*, th, tatanal ekclrodK 2a „ f m ^ 

21 r is " t *" a wtom * - *° — - *. ™^ 

Therefore ft. .ft. ,s usually eov^d with « ^ ne fecJ ^ ^ 

offer only an maufficient p rotection agdnst ^ ^ m fa ^ 

dtaadvantage. Thick varnishes, en the 0th* taod, „,* to come ioose in operation or when 
exposed to temperature cha^e. The expression, taterdigna. areaa, ia to be understood to refer to 
the outwardly leading internal electrodes 2a in Fig. 1 between the contacted aides 3 and 4. 

[007] Another possibility is to keep toe electrodes flnm reaching eU the way to the surface 
( buried electrodes",, or to have only the elechndes of one polarity emerge a. the surface 
( half-buried etecUodea"). The disadvantage ft. ^ ^ „ md ^ ^ 

development of the sauataia^ ^ is ^ m<! ^ ^ ^ ^ 

result in a cramping of thejstu,^ as»r and are liable to crazing. 

[008] Another^sibiliryforpro.Kungmesurfaccis.oapplyaccramicfita.othegrcan ' 

I ^"'^sassa***, «^*emw«hd MJB ^«^ ino((tertoltoilcIliew 

insulationlDElOOaiWAD. A disadvantage in this method is that the outside dimensions of 
I *** amM be «^*»»* «y ««™wy due to shrinkage during sintering 

Moreover, this insulating layer is mad. relatively thick by the process (typically >50 pan) and 
thus has disadvantage similar to the two methods described above. 

[009] The invendon is addressed to the pntblem of achieving insulation with a ceramic which 
can be applied after aimering and shaping by grinding and tea can satisfy even severe gcomehic 
requirements. 

flUflL^-Thto problem is solved according to the present invention, which relates to a method 
for the manufacture of pi ^electrical multUayer^ctuator a***, wherein thin coats of a 
piezoceramic material, called green leaves, are applied to the at leas t one internal electrode are 
thus stacked one on the other in a block, that the internal electrodes are brought alternately to 
opposite faces of the^ctuator «** where they are connected together by au externa, electrode 
the^ctotoraeto, green body being sintered and subject to an abrasive shaping and then the ' 
ground ^etaluzation for the external electrode is applied, chatacterized in that the areas to be 
msulated are coated by thick-layer methods with a paste consisting of an ino^amc, low- Sm tering 
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material or material mixture and an oreanie hin/W «,«-^ ,. 

orgamc bm<ler system, and then are subjected to a firine 
process wherein the !ayer thickness after sintering is between 1 and 40 nm. 

DETAILED DESCRIPTION 

| The present invention is directed to a method for the manufacture of 

piezoelectric* multilayer actuators by applying thin coats of a piezoceramic material to at least 
one mtemal electrode. The internal electrodes are brought alternately to opposite feces of the 
I ^tor,^ where they are connected by an external electrode. Thejictu^*** green body 
is then sintered and abrasively shaped. The ground metallisation for the external electrode is 
apphed The areas to be insulated are coated by thick-layer methods with a paste made of an 
morganic, low-sintering material or material mixture and an organic binder system. This is this 
sintered to achieve a layer thickness of between 1 and 40 microns after sintering, preferably 
between 2 and 20 microns and more preferably between 4 and 15 microns. 

| Advantageously the coating takes place after the sintering and shaping, and the 

coating is fired on at temperatures between 400 and 1200T or between 600 and 1000°C, or 
preferably between 650 and 850°C 



on 



£&il[Q!3] Preferably the firing of the insulating layer takes place together with the firing 

of the external electrode and forms a continuous coating. 

£9i£l[0i4j hi an alternative embodiment, the application of the insulating coating is made 

after the polarization of thejejuator a** and, by drying at 20 to 250°C, preferably at 80 to 
1 20°C, all electrodes of one polarity are covered, but not the electrodes of the other polarity, and 
thus no continuous coating is formed. 

Preferably the low-sintering material is PZT (lead-zirconate-titanate) and/or it is 

identical with th e actuator aete? material. 

f^r0161 Advantageously, the thick coating paste consists of a glass and an organic binder 
system. 

fW^rO.17] Preferably the thick coating paste is applied to the green actuator aster body and 
sintered together with the latter. 
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printing, rubber-stuping or rolling or by plaana spraying. 

| mmiSl An actuatQL^ which is made by the method of the invention serves 
advantageously for the control of an injection valve in motor vehicles. 

| f^H020]_Addition a l features of the invention will appear from the figures and the 
embodiments which are desoribed below. 

| USWmi . T he surfaces to be inflated are coated by thick layer methods with a paste 
constsung cHow-sintering PZT ^ for ^ M „ M „ m ^ 
bmder system. This ft*^ Mating „ &aJ m ^ ^ ^ 

preferably between 600 and 900°C. 

| mmiL-ln another embodiment the^aaa i, polarized before me screen-prinKd 

eIec.rophore.ic processes rhis pyroten^ Wngs ^ ^ ^ ^ ^ ^ ^ 
^^wimPZTp^o^^.^^^^^^^^^ 

Mb-,* -^~d after S i n ,erf n&wiM0utth e SMfMe Hi^„veredbya M here„ tl ayer 
to interfere wrth expanse or the develops of power fa the^sm^***. 

tS£ISB2] Examples of Preferred Embodiments 

I ^'^''^^•^-'"n^eurfaceaftra.are.obecontacted. The^to^ 
^bodyrsa,^^^^^^,^.^.^^^ 

melton of the externa! decode ftnaldng contact with electredea of one polarity) can b. 
apphed by silk screen printing. 

agatOML.Memod I: TTe faanlating coa. 8 ia applied by Brick laycrmemoda togettrerwith 
the external electrode layers (gronnd ntetailiaation) and flred on .ogefe (SOtKTSWC) The 
msulam, g c M .nowcoverea 11 „, UKWerai ^^ 8omeM ^^ w . tha ' 
between 2 and 20 pm, preferably <- I5 pre, thielc . T„ e Iatter is a(Jhereijt md 

scratth-resistsa, a*i mttrreres bu, negligiUy wiIh Ae stroke OT ^ 
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mm (Fig. 2, Ttel the ^ is MMew4 toaaKCT9 a „ d ^ 

(full-surface). 5 

^026] M ethod 2: The external electrode (ground metallization) is fired. The actuator 
«** :s then polarized and on the surfaces, which have an internal structure, a pastelT~ 

^ltr SiSting ^ ****** "* " ° rganiC biuder Sy5t - • ™»» *• P-te is dried 
at 20-250 C, due to the pyroelectric effect of the ferroelectric ceramic, an electric field is 
produced in the still not dried parte. Consequent 

so that only every second internal electrode is covered (electrodes of one polarity (Pig 3 No ' 
12). Theelc^rodeslloftheotherpolarityarenotcovered A subsequent firing process at ' 
temperatures around 750°C results in an adherent and scratch-resistant insulation (Fig 3) 
Figure 3 shows the insulating surface of anactuator with internal electrodes 11 and 
insulation 1 2 of every second internal electrode by silk-screen printing (interrupted) 
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ABSTRACT 



The tnventiou relates to a method fcr the manufacture of piezoelectric moItitaycr xtmtor 
a«e» m which tbin Uyers of a piezoceramic fflatetiai, caUed "green , w on whieh"^ 
one .mental electtode ia applied, are stacked to form a block such that the internal electrodes are 
gutded tn alternation ,o oppositely lytag surftccs of.be a^a^, where they become bound 
togemer by an external electrode, mejctoa, ^ „^ ^ ^ ^ „ 
sbrestve aiding, and then the baae metallization ia applied fcr the extereai electrode. 

in order to achieve insulation with a ceramic layer which can be appUed after the 
amtemtg and the abtaaive shaping, and thu, satisfy even stringent requirement*, it ia p rop0 sed 
■ha. areas to be insulated be coated by thick-layer methoda with a paste consisting of an 
morgatuc, fcw-sintering materia, or a mixture „f raateiiab m<1 m organk ^ ^ 
men sttbjectcd to a burnings proems, me coating thickness after me sintering being be«vee» 1 
and 40 pm, preferably between 2 and 20 urn, or between 4 and 15pm 
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